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3500ppm„ 
3000ppm. 

i-» i-*t^ i-tm i-* 

2 l i-*UNfc* 2-ft*^ 

12. »rr^**io«i^, mm-^^^mm^^nnM^ 
is, #isfc#j** i tftttt^sfefttt**^****^* 

14, &itt#IMi3*W&> Jfflfcft##*fe«*#T;Bfe. 

15. 1 C 4 -C i »^^Tl, ^ Cj_ 



j£** 0.5-10. OMPa,^Sa*.Att*#^*W^^^«*S*^ °- 2 ~ 8 

i7 was**. ««*awmw**«i 

**«*«3S0t:. 10 - 0MPa ' ******* 

0.1-20*ar,*ft**+*«*A**** ft *** 
-l-ftA 10 - 5000ppm obi,, 

K«tt«k*S«M 350-C, lO.OMPa, 

!S* 1 *tt76#^ft-6-*lW'^*A 50 - 3000ppm 

ft#J- A*aBr6 nS ted-L e wis#fta*«S**ft*l- Brons ted B« Lewi s 

ft«jM=A*S*#*&««- Bronsted-Lewis 
BronstedlM, Lewis **gft*ftft«ft*l- 

22. *«*yN»*20*2i**». *+tf*A*a****fc*l*** 

J.WMJ, ******* HIA*** 

*. ***AJ**W«M»S- ***** 



24, »JS*l^I**20* 21 *tM%A*ilBrOnsted-Lewis^iB 

is^mm^ 40-95 i-6o m&i-ft& 

&mx& o. 3-15 *w--#M%iim&&\ mm&WLP^%%%iifcfatti%L 

A1C1 3 , BF 3 j&# XF 5 , ^tX^jP, As, Sbj&;#Bi 0 




Lewis ^S«lllft**^WJ' *ae#*#fc#J£«#ft&£ 

H 2 S0 4 J& HF C H l so 4 j&£4fc7!r&&1fci& (MM i<rc£#) T«r> 

^ 20-40°C ) T»T, « HF #*3feJ*^5f JfeJfP^Sf*^^*- 

x4k_b^^i h 2 s(Mp hf nm^Mi^i^ 

"Alkylation of isobutane with C, olefins", Ind. Eng. Chem. Res. , 27, 381 
- 379 (1988), Handbook of Petroleum Refining Processes, 1,23 - 28 (1986) 
5fP" + @ +H^fttiJJR*t, 206-217 (1991), 

HaSO,^ HF **S*r*Jf Jfe*F:!ft. ^flS****^^**** 



?±.&jft&ft#tk**#Eit*tofttoZ***1ll&. JP01, 245,853. 

US3, 962,133, US4, 116, 880, GB1, 432, 720. GB1, 389, 237 ^tfft S0 4 2 "/#lft#l 
m%m.mm\ US5, 220, 095, US5, 731, 256 , US5,489, 729 , US5, 364,976. 
US5, 288, 685 , EPO, 714, 871 CF J SO J H/*4fc*£0t'ffclRl ; US5, 391, 527 . 

USs', 739! 074 -fctftt Pt-AlCl 3 -KCl/Al 2 0 3 #«; US5, 157, 196, US5, 190, 904, 
US5 , ,346 > ,676 , US5, 221, 777 , US5, 120, 897 , US5, 245, 101 , US5, 012, 033 , 
US 5' 157, 197, CN1, 062, 307A, W095/26, 815 M^WI^P SbF 5 , BF 3 , A1C1, 

CN1,184, 797A, CN1, 232, 814A, US5, 324, 881, US5, 475, 178 
^fWA*Sl*^**^*I; US3, 549, 557 , US3, 644, 565 , US3, 647, 916 , 
US3, 917, 738, US4, 384, 161 ^fttftfr^ffifeikM • 

WO94/03415 T -JttjK^^*»^«fe*^*» 

#^#^«4-^*^^A^#3M-. #T«^&& ZSM offretite 
MCM$^, REY^^#, 

^ 86. 0-99. 4 i%„ 

CN 1, 125, 639A ^jFf 7 -##T&^ PW ^ 
PMo 12 , SiW 12 ' PWnMo 12 - n ( n-l-U ) 10-70%*fciHfc##flm* 

nm%^)X$L, ^^10-70"C^f, »th^J 1.5-18. 

# + 0. 693-1. 736 ( )- 

CN l,l25 > 640A^T-^#T^^Tit^*1^^' 

ffl Cfc^-f) 3/«?'J 0.5-3.0, 0.5-4.0, 30 ° C ' 



mi^m^mim, &w 

&£to 1 Cs, 5 H„. 3 PW 12 ^# «>J, + Attfc 0. 4378 fcsMfe 

*frfc*15ttffifc, ^30TC2*J&2*ftK 8118 £, 

T^j 1.854, ^M^'J, f-100-C#t^-2/jNN-^#^^I#^#Tl'M, ffi* 
I- 384„ 

US 5, 324, 881 T -Jtt^iKfe^ *fe^j^*4k^"*. 

7G#: P, Si, B. Go. As, Ti. Zr, Mn, F, V. Ce, Th, 

Mo, W, V, Mn, Co, Ni, Cu, Zn, Fe„ 

«%, c 5 + «^7i^**«K^i-4^/^;c 4 -, ^ifeffiW^***. tfftfllfc 

CN 1, 232, 814A ^ 7 -#-flMUM**fe&^ »*£ttafc*ft2S.&3r*. ^ 
CN 1,246, 467A T -tfiBdUM^ffite^ tt»tt&*ft&£2T*fc , &¥t 

fc&^ffiiM toilLftM * 40 - 95 i % tt-#^&*#L*4Mp A*#-ttt i - 60 

|y 0 ^^ Br nstedgmA 0. 3 - 15 $ % Lewis &/ft&$»^t#T&ft 

Br nsted^-ft*#**#**T.r*^. )9f*fi^ Lewis ft&g A1C1 3 . BF 3 i& 
#XF 5 , *+X^jP. As, Sb^#Bi„ &%&%%:tir&#>Mfc&&.&- : **>fo*-> 

CN 1, 331, 065A ^ T 

^#^-f-#C 4 -C 6 ^^», C,-C» 10 - 3000ppm^5£&ft'l£ 



ft^ftJN^:&&^^^ 

$ ft &4Mfc2St& # * + , 0f ft ft H fc*flL4fc#J & % & & 4* tt&fli 
^t'^ft'lijt (^t'^ft^^ il^ft^^^t^ft^) ££.7* 

5000ppnu Vt$c 30 ~ 3500ppnu Jlfclk 50 ~ 3000ppm o jfriftft^Ift fe'&TG^H-fc. 

04-0.^^4' -ft. X 

+ , *#L^*ft^*ftft. ^ p HF* HCK HBr , HI, £4»Xft3fctt HF # HC1. 

ft&X*to*fafo&&fc$L&G 2-8 ^Jf^ft^Mft 
^#Vfc^#J, -fa^FPBl-^JBr^ 2-8#^ft-j£-$ftft;&*£. ^I^P. - 

i-*LMj^, l-fcT*fe. l-HT 



l- ft 2-ft5^> i-ftjt». i-ft^» 2-ft#*fc, ft 

ftf^ffijftftf&Ti!fc*Ftftffc. 

10~ 350°C, R&H^ 0.5-10. OMPa, 0.2-8* 

stm 3oo°c, ifeifejyL^^«^iifli*ai5tsi 25o°c ; ^h^/aim^&iW 

%~&tim io. ompe, ^«;a^^^^^M^^J so- OMPa; 

0. 2-20. 0*Bf\ ffci^O. 5-8. O^N"' 1 - 

&*#JSI*IR*I. fcI*P&&2fiJE*f 10~ 350°C, R^IIiJ^ 0.5- 
10. OMPa, ##ffi£J|#«tt*fctb£lB# 2 - 200, &fi*ttttlt£4A 
0. 1-20 ^Ehh 1 ; ffeifc^*#JBAllfcJk&J&*#. BP: 
WltelF-ffi&Sl 300°C, f^^^^fe^lte«^i'J 250°C, 
I^«7«5'] 200°C; Rj6LHi7*^*)K*6»lft*i£^al 10- OMPa, fa&)k& 

9. OMPa, JLfo$Ukfrftj&telbto*B.jjM 6. OMPa; 
&£*M£tt*#tbtt&ffli& 2.0-100, 10-90; 
(WHSV) ^/^ffl^J 0. 1-20/hEht", fti&O. 5 ~ 8. 0 /Mtf". 




AH» Bronsted-Lewis 3&=t Bronsted Lewis @£ 

*l» A***Att#£*&#ft#N Bronsted-Lewis #$E@fly(g.®# 

Hft#J, Bronsted M Lewis JWft*fett;JI:Alfc3>#£ 

&#4b#j5fPft#£l Bronsted-Lewis 

£ + 0Hfc##M.£^ H,-„[AM 12 0J, Pj& Si, M^J Mo, 

ft&St* fc-ffc*^ 4Mfc£* *ft4** ^MAxMWt4i$5, 

^ClM^; ^##^#J^ECN1232814A t a^tS^. ^jM^^Ufttf^* 

*jfc$&##f#& t r , > #H&A#^ Bronsted-Lewis ^$JatfI1^M^ll#'ft?f l J 
*p CN1246467A #M»i£, ^##5 * + 1ft :« ^ & 

40-95 Srt#-##&*ft«'fMeA*&Jitt 1-60 

0.3-15 Sstt-#&#8rWf&#; Jfttt****^*^**^*^** 

HAftiL*#**4b#l+xt*^^^^*tt*frW^*H; ^tMIt 

ifei A1C1 3 . BF3^#XF 5 , ^tX^P, As. Sb^#Bi„ 
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T W to £J6ti E #34 - i^** W > 0 Jib ffi R« ft ft 

#. 

*jfeWJ?f*W^*ft^4t^*^"-*^r* 40ml fltfk*JttB&#*&* 

(C4-c 4 ^«s«, c 3 -c 6 

2. RiUMl^t 40ml 0Lft*| , ;foft#tttefi&a*fca#ft*l 

M. BL$L#ttlB.tl&ft1lltoB.tl&.W& (MB Anaheim^tBft) £*U *A# 

Agilont-4890D (^H**4fe^lti*) ^ft-feflWtft^ 
^f^^^^tL^^it^^ 50m* 0. 2mm&OV-01 HP-5890 

x 0. 2mm to OV-01 

1 " 3 

^ + « ® *tom*ft # ft *i a a * a # # *tf ft « - fctf ft * ^ ^ # 

Tffi£T#ttifc*ftiS.lfc. 

5. 24g -#4>» (HJPW 12 0«. 22H 2 0, frfaifc, MftXrtHS ) 35ml 
K# H,PW 12 0„;>K#fc. # 18. 5g 20-40 @ (SiO„ # 

ft##ftxrtBft ) AX*b**C+. & 0. 095 75°CT^M 1. 0/h 

PMftSISfi. £fc#*£tt^T;foAK#tt h 3 pw 12 o 40 «, fc# i.o ^ 
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H!h lOO'C^-^M 4 #^ 20 «* H 3 PW 12 0 40 ^ 80 

20% H,PW l2 0 40 /SiO„ m^Mthfo^MZl 380m 2 /g (fa 

BET 



* l. 



WAS 




&&&&&& ( 


4%) 








2. 81 




99. 99 % 


iET^ 


2. 32 








90. 32 








2. 14 








1. 70 








0. 52 












H 2 0 4 ppm 


H 2 0 


18 ppm 




S < 0. 2 mg/m 3 


S 


<1. 0 mg/m 3 




T^-^t < 2 ppm 




5 ppm 



Agilent-4890D ^^tMBiM^I» i ltt^. fcfo**^ 
HP-5890 K#4LWlLfr1fT&&&ft. 

bk= ^#^'J®A«^T^ t t , iJPA412ppm^m«HF, 
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tf&fcl 1 

M 73.3g(40inl)*&Sl 95 % lift H 2 S0 4 ^#« . ^A^ft + ift^f^T* 
J5T»ftjft&ft&&. &£Jt#Hi7 (tAKi?) 7^7 7. Oatm T> >A 18. Og 
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* 2 







*7T -V& 


5t 7&fe 


^k: VJ 


v*4- Lis 








1 


9 




1 


9 






60 0 


140 0 


240 0 






)js-7J 5 Mr a 


9 ^ 


4 S 

T.J 


U.J 






16" -S- 5^ -t^ /K Hvf " 1 


4 n 


4 n 


4 0 






up nnm 

nr gr , ppm 


41 9 


41 9 


41 9 






JbY- TS Oil- iw! /l\ Rtt- 


1 9 n 


1 9 0 
1 z, u 


1 9 0 
1 z . u 






ft* 




1 H U 


1 zi n 


1 4 U 


1 n n 


1 40 

J.iU 


Hi/, MPa 


4 S 


4 S 


4 S 


0 7 


4 S 

T" • J 




0 


j. 0 


J. 0 




J. D 




9 0 0 


9 0 0 


90 0 


20 0 


22 0 


HF^*, ppm 


z jz 


1^1 

Z J z 


I J I 


a a 
U. U 


Z J z 




j U 


1 a a a 
1 UUU 


1 1 ft A 

1 Z UU 


A A 
4. U 


AHA 
0 U U 






1 A A A 
1UU. U 


1 A A A 
1 UU. U 


1 nn ft 
1 UU. U 


1 nn a 
1 UU. U 


1 AA A 
I UU. U 


ift*ft3*«lfc+, g/g 


1. 99 


2. 01 


A A A 

2. 00 


A A 1 

2. 01 


1 aa 

1. 99 
















c s 


3. 12 


2. 42 


2. 56 


r* i O 

5. 13 


r» rv a 

3. 24 






5. 01 


4. 43 


5. 46 


6. 05 


4. 56 




c 7 


5. 66 


C 11 

6. 12 


6. 45 


J. oj 


o. iy 




Cs 


79. 89 


82. 92 


81. 13 


78. 72 


80. 78 




(V 


a i i 
6. jz 


4. 11 


A A A 

4. 4U 


4. 4 / 


^ 1 Q 
J. / J 




C" 


0. 00 


0. 00 


0. 00 


0. 00 


0. 00 




TMP/DMH 


5. 97 


6. 36 


6. 11 


5. 61 


5. 42 


















RON 


95. 4 


96. 2 


96. 0 


96. 1 


95. 4 




MON 


93. 6 


94. 1 


94. 0 


94. 0 


93. 5 



£|t2+, TMP^^Htf DMH*^H.If RON ife^^^ 

j^-jt, MON^^-^^^^^-jt, RON 3fB MON Mftxt (Huston ^0 Logan 
"Estimate Alkyl Yield and Quality" , j&jpX, 1975 ^9^1, 107-108 K") 

^E100%, TMP/DMH ^^tk##^$ ( TMP/DMH tklt^^ft^J^H^ 
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1 J^tt^Tffi + jfoA lOOppm 6<J HF #^#^J^^«#^HS* 

&*i J^^T^^pA 35oo PP m |^ftTj&###4fc*Jtt*3£4fr*h #r 

* 3 













140. 0 


140. 0 




H;>7, MPa 


4. 2 


4. 2 




10. 2 


2. 1 


HF^i, ppm 


HF, lOOppm 


t/ftT^, 3500ppm 






26. 0 


6. 0 


WWW, /Mtf 


50 


54 




100. 0 


100. 0 


^^^7*^^, g/g 


2. 00 


2. 01 










c 5 


2. 71 


2. 32 




c s 


4. 54 


4. 84 




c 7 


6. 37 


6. 78 




c« 


82. 77 


82. 19 




c; 


3. 61 


3.87 




c 8 - 


0. 00 


0. 00 


TMP/DMH 


6. 38 


6. 34 
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^Jifefcl 6-7 

t w^mM^itm imTkfc . 

#m 5. 24g ^4^^ ( H 4 SiW a2 0 4 „. 20H 2 O, ^^If^fe, jWftXr fcB & ) 5&-f- 35ml 
*^-f-7X4 3 . E$ H 4 SiW 12 0 4 .;4t«. # 18. 5g 20-40 @ ( Si0 2 , 

#^y##^xrtB A ) *A#j*^ + , * 0. 095 &*&#£2Jt#« 75'CTAS 1. 0 
'hfth l^^i'J*^, ^##^$^^#Ti7PAWB^^J H 4 SiW t2 o 4 „7«, l- 0 
^^E100 o C*St-^4/Jn^, #?iJ^20 m H 4 SiW 12 0 4 „^ 80S»M^^J 
&#3'jfc#&1t'fti#J, iB^J 20% H 4 SiW 12 0 4U /Si0 2 , #4h#]#jtk*W^ 376m7g. 

#10. Og Jiit 20% h 4 siw 12 o 40 /si0 2 #.^#4k^J, ^e*i Br^tt]#-T 

A 250ppm ft HC1 MM 860ppm ^ 1 - fc^ffi, 4 ^f^^#^#J^^3g^ 



4 





6 ; 


7 






140. 0 


140. 0 


&i7, MPa 


4. 2 


4. 2 


AS 




10. 2 


2. 1 


HF^*, ppm 


HC1, 250ppm 


2-#t^#fc, 860ppm 




20. 0 


15. 0 




40 


42 




100. 0 


100. 0 


g/g 


1. 99 


2. 00 










c 5 


3. 71 


4. 32 




c 6 


4. 04 


4. 29 




c 7 


6. 97 


6. 59 




c 8 


79. 01 


79. 01 




c* 


6. 27 


5. 79 




C," 


0. 00 


0. 00 




TMP/DMH 


5. 89 


6. 11 
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* + ft HI ftoMfc*ttflt ft #1 * * # C S2 . 5 H, ,PW„0„. 

* 22. 81gH 3 PW 12 O 40 . 21H 2 0 ( ^ff^ftf^J /""/* & , 4Hfr*fe ) 5fp 
2.85gC S2 C0 3 (^ifftxr^^, ^-bft#it*^#»^'JI£^ 0. 35 $3 

0J7|^)HI^M 1 «M#T, #c S2 co 3 M#t^'lfti4^i;pAH 3 Pw 12 o 4B 
(iiCO, *U*&#30^#, &£#ftal#6'feftife& 
50 °C -f J£ 24 /> . # 3| C S2 . 5 H u . 5 PW 12 0 4 o. 8H 2 0 # $>J ^ # #J 

Cs 2 .5Ho. 5 PW 12 0 4 o. 8H 2 0,#lffl, ^HtftLJiJEjt, ^^^M^SSlfc, i±1/f> 3p*.20~40 
@^^#^#ft^J^I^*ft>R>&, 

c S2 . 5 h„. 5 pw 12 o 40 . 8H 2 o#ft#j^#„ m^ik^^n^^. 5 t. 

* 5 





8 


3 




58 


56 


• + HF^*, ppm 


252 


0 




100. 0 


100. 0 


ifeafeftj*^*, g/g 


2. 00 


1. 99 








c 5 


2. 73 


3. 32 


c 6 


4. 84 


4. 52 


c 7 


6. 41 


6. 79 


c 8 


78. 34 


76. 01 


a 


7. 68 


9. 36 




0. 00 


0. 00 


TMP/DMH 


5. 94 


5. 01 
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I, If 



9 

*M^ + ^H*«^MM*JAB-L^Sft (B: Bronsted^, 
H 3 PW 12 0 4 o; L: Lewis i£ M.jk SbF 5 ). 

&mkM#im&7f%:ivT: 1 tW^T^<W#20% H 3 PW 12 0,„/Si0 2 

#-f-k^'J, 10. Ogi^ 20%H 3 PW 1 Ao/SiO 2 ^AHI^i^Ra^' : } 3 , 120 

'Mtf" , tt*Aft& 100°C^hiI 4 yjNEhj-, ^Mfr£9] 50°C, 

*^^^.^^L p A^ 1. O/Mtf, ^f##^^'Ji&^ H 3 PW 12 0 4 o-SbF 5 /Si0 2 

ft#Jiafcfl*-tt H 3 pw n o 40 -sbF 5 /sio 2 #ft^J, i 

Xtbh^lJ 4 

*6 





9 


XiH&fcl 4 






35 


35 




MPa 


2. 2 


2. 2 






2. 86 


2. 85 






24. 2 


24. 2 




HF^ft, ppm 


252 


252 




42 


40 


c 




100. 0 


100. 0 


g/g 


2. 01 


1. 99 










c 5 


3. 23 


3. 77 




c 6 


3. 98 


4. 14 




C 7 


5. 84 


5. 09 




Cs 


83. 27 


83. 11 




<v 


3. 68 


3. 89 




C," 


0. 00 


0. 00 




TMP/DMH 


6. 26 


5.21 
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10 

^mi^^mfem^imim^k. so 4 - /zro 2 ia#&sR#. 

#20. 0 g ZrOClr8H 2 Ot,ft^(^^, tlftlD 180 ml * + , £ 

jh«p^7]c«#, %.]&&<k24;m, &feMM^fc$t%* itm^ftcr 

100°C-=P^ 5 #f!|®#:Zr (0H) 4o EfiJ 1. OM^M, ^ 10ml «M / lg 
Zr(OH) 4 ^bh^!jffi 1- 0M^t^^^Zr(OH) 4 ©^4. 0 a£$S## 
lOCC^f ^ 3 /Mtf, 550°C^ 4. 0 /Mtf, #PJ SO<" /Zr0 2 ® # 

$&#ttSO«- /Zr0 2 m#:^^M«\ £J£##UiJ£# , 
4tflf, ^.20-40 @tt*&#A^ft&Jfcft#ft#J. 

ft^ii^J*^ S0 4 " /ZrO,H#Aa*#ft*|, l ft#'fc#Jflt*t 

to 

tfcfcl 5 

m^^M io^^^^a##, ^^^Atf'fki*i^RjfiE*^i4ft«^h 

1. Jff#ilJ&4i*ali=-*7 +. 



ift 7 







>a\J til, 17!] J 






I J J 


i J J 


folk 


)xM-B-ti> MPa 


Z 


A 9 






0 1 A 

Z. lo 


9 1 £ 
Z. 10 






9 Q 9 

zy. z 


90 9 




HF^i, ppm 


252 


O C 1 

z j I 




30 


30 


C~ 


100. 0 


100. 0 


Jfe*-fc3*"lfc+. g/g 


1. 95 


1. 85 










c 5 


3. 87 


3. 97 






4. 85 


5. 15 




c 7 


5. 91 


6. 19 




c 8 


76. 1 


70. 80 




c 9 + 


9. 27 


13. 89 




C 8 " 


0. 00 


0. 00 




TMP/DMH 


5. 02 


4. 11 



#30. o g Na p ^# (itw^j* = r^L^^ir^.^) ^fllftUr***.^ 

tt#*&3&&. ###£110X^*3*0*, ^^550°C^^6^E^, #PjHP^ 
4t#, ^20~40@^Wi#^^*ft#Mt 

rt&w 6 



16 



* 8 







M iW\ 5 






152 


152 




^J&J£i7, MPa 


4. 5 


4. 5 






2. 20 


2. 20 






28. 2 


28. 2 


# 


HF^i, ppm 


252 


252 




25 


25 




100. 0 


100. 0 


g/g 


1. 94 


1. 82 












c 5 


3. 35 


3. 89 




c 6 


4. 29 


5. 32 




c 7 


6. 44 


6. 78 




c 8 


75. 22 


69. 69 




c/ 


10. 70 


14. 32 




c," 


0. 00 


0. 00 




TMP/DMH 


4. 14 


3. 42 
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